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Foreword
Editorial for the special issue on “Adaptivity in Heterogeneous
Environments”
The increasing complexity of systems and applications in heterogeneous environments have brought to the fore the
issue of seamless access to the resources that the Internet and other foundational systems are making available. Resources
can be generated or mediated by users, applications, networks and distributed systems. They identify different contexts of
interaction where heterogeneity may occur. The dynamic and non-deterministic nature of these environments requires the
adoption of decentralised models, policies and mechanisms in order to address issues of complexity, interoperability and
integration. In this context the ability of systems to reconcile conﬂicting requirements and negotiate appropriate state or
behaviour to suit environmental conditions delineates a wide spectrum of adaptivity. From basic conﬁgurability to autonomic
behaviour adaptivity is inherently a systemic issue.
In hypermedia systems the personalisation of content through the generation and interposition of implicit and ex-
plicit user proﬁles is underpinned by adaptive principles. The mediation of scalability, the marshalling of resources and
the scheduling of tasks in Grid Computing, for example, are areas where heterogeneity is resolved. Appropriate modes of
aggregation such as Web Services composition are often supported by adaptive mechanisms and optimised by schemes
such as load balancing. Reﬂective architectures at middleware level have been proposed as effective means for extending
adaptively the span of systems and applications. In wireless networks handover operations are increasingly dependent on
adaptive methods, while the emergence of self-awareness in networks is enhancing their capacity for self-management. The
demand for dependable systems and especially the provision of appropriate levels of quality of service (QoS) are strong in-
centives for the application of transparent adaptive techniques. Adaptivity is ﬁnding its full expression in new domains such
as smart environments that pervasive and ubiquitous computing have ushered in. Context and self-awareness in particular
are reinforcing the adaptive capacity of systems as they unfold across environmental boundaries.
The aim of this special issue is to offer a perspective on adaptivity in heterogeneous environments by presenting a
selection of papers by contributors to the International Workshop on Adaptive Systems in Heterogeneous Environments
(ASHEs). The workshop was held in March 2009 in Fukuoka, Japan, in conjunction with the International Conference on
Complex, Intelligent and Software Intensive Systems (CISIS). The scope of the special issue was widened by including invited
submissions from researchers with a track record in adaptive systems. Extended versions of the papers were considered and
subjected to a rigorous review process. The review has resulted in the selection of eight papers from the original ten
submissions.
In the following summary of the papers the thread of adaptivity that binds the different themes is manifest. Although the
introduction and adoption of adaptive principles and techniques in the different research strands is motivated by speciﬁc
concerns the main driving factors are mediation and scheduling. These aspects can also be expressed in terms of QoS
provision.
One of the most common manifestations of adaptivity is in the reconciliation of conﬂicting requirements. In Lin et al. the
main concern is the creation of a framework that will enable a large group of Web Services to overcome their differences
and reach a consensus. They propose a scheme for clustering Web Services into multi-groups according to their fuzzy QoS
dispositions and their preferences over these attributes. The clustering and analysis process can be moderated dynamically
according to feedback from the internal learning mechanism and the web service consumers. An extensive case study is
presented as a demonstration of the effectiveness and eﬃciency of the proposed model.
The heterogeneity of resources is another area, which demands adaptive solutions. Glasner et al. address the issue of
eﬃcient scheduling and its inherent complexity in Grid computing. They propose a system, which operates over multiple
phases, adjusting its behaviour according to the jobs submitted by users and predicting adaptively the run-time of submitted
jobs. The accuracy of the system is reﬁned by clustering jobs according to their characteristics and by applying appropriate
prediction techniques. The simulation results indicate that this adaptive adjustment can lead to accurate predictions.
Caminero et al. offer a wider perspective on the discovery, access and aggregation of geographically distributed resources
in Grid Computing. The proposed approach to the eﬃcient coordination of tasks in different administrative domains fol-
lows a P2P mode of interaction. Properties of the domains are used to determine where a request for resources should0022-0000/$ – see front matter © 2010 Elsevier Inc. All rights reserved.
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quirements in order to support scalable and realistic deployments. Various simulation results are presented to demonstrate
the usefulness of the proposed model.
At network level adaptive schemes are frequently called upon to mediate eﬃcient node interaction. The work presented
in Bajaber et al. is motivated by the need to overcome the limitations of wireless sensor networks in ensuring continuation
of service. Although clustering is seen as an effective way of managing resources, the tasks performed by the head of a
cluster can be very demanding in energy, storage and processing. A dynamic allocation of roles is proposed, whereby a new
cluster head is elected adaptively in order to balance energy dissipation. This rotation of responsibility is designed to lead to
more resilient and eﬃcient networks. Experimental results are used to evaluate the relevance and eﬃciency of the proposed
model.
In contrast to the work presented above Randles et al. focus on the issue of robustness in networks through distributed
redundancy and network reorganisation. Their approach is inspired by biological and natural systems and is aimed at pro-
moting emergent self-organisation. This is realised by a network-rewiring algorithm that optimises component level network
structures and propagates the best models of behaviour throughout the system. They present a convincing case through
extensive experimentation, and demonstrate that the variety of individual components can aid load balancing in highly
distributed systems.
An example of mobility awareness and its impact on the mobility status of nodes in a wireless sensor network is
discussed in Anthony et al. Their research is concerned with the autonomous, localised and low cost self-detection of
mobility status of nodes. It is argued that this dynamic and localised approach can be more reliable than static and global
models. At the core of the proposed model is a complex algorithm that operates on a variety of mobility metrics, produced
by the analysis of patterns in the neighbourhood of nodes. The work is supported by an extensive evaluation of the system
and sheds light on various mobility characteristics. The ability of nodes to be aware of their mobility status is considered a
requirement for the support of self-organisation and scalability in ubiquitous applications.
While precedence is often given to processing requirements, the viability of a distributed system is also dependent on its
ability to deal eﬃciently and ﬂexibly with the storage and dissemination of large volumes of data. Bessler et al. describe an
architecture shaped by the storage and processing requirements of structured spatial-temporal content. They propose a novel
content dissemination architecture that combines the self-organisation of distributed hash tables (DHTs) with the powerful
processing capabilities of tuple spaces. This interesting perspective on the P2P model and the tuple-based computing model
is applied to the ﬁeld of intelligent transportation and validated through a detailed performance analysis.
The research presented in Ameedeen et al. introduces a subtler form of adaptivity. Their main concern is with the
seamless transition between the design phase and the formal analysis phase of the software development process. A trans-
formational framework is provided which takes a design in the form of UML Sequence Diagrams and automatically generates
corresponding Petri Nets. These are subsequently subjected to a complex analysis. One of the advantages of this framework is
that it introduces rigour and accuracy in the design phase by reconciling two domains of discourse: the informal constructs
in UML and the formal structures of Petri Nets. Various transformation rules were devised in order to reduce complexity
and to facilitate the interoperability between the two models and the corresponding software tools.
The research reported in the papers conﬁrms that adaptivity is a ubiquitous concept that pervades the ﬁeld of computer
science and its applications. Novel models and methods were put forward in order to provide support for mediation between
domains, scheduling of tasks and context awareness. Speciﬁc techniques were utilised to give expression to adaptivity,
including negotiation, reconﬁguration and reorganisation. This special issue provides a valuable insight into the different
facets of adaptivity and shows that adaptive schemes can enhance the viability, the accuracy and the eﬃciency of complex
systems.
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